Purpose: Gastroschisis neonates have delayed time to full enteral feeds (ENT), possibly due to bowel exposure to amniotic fluid. We investigated whether delivery at b37 weeks improves neonatal outcomes of gastroschisis and impact of intra/extra-abdominal bowel dilatation (IABD/EABD). Methods: A retrospective review of gastroschisis linked fetal/neonatal data at 2 tertiary referral centers was performed. Primary outcomes were ENT and length of hospital stay (LOS). Data (median [range]) were analyzed using parametric/non-parametric tests, positive/negative predictive values, and regression analysis. Results: Two hundred forty-six patients were included. Thirty-two were complex (atresia/necrosis/perforation/ stenosis). ENT (p b 0.0001) and LOS (p b 0.0001) were reduced with increasing gestational age. IABD persisted to last scan in 92 patients, 68 (74%) simple (intact/uncompromised bowel), 24 (26%) complex. IABD or EABD diameter in complex patients was not significantly greater than simple gastroschisis. Combined IABD/EABD was present in 22 patients (14 simple, 8 complex). When present at b 30 weeks, the positive predictive value for complex gastroschisis was 75%. Two patients with necrosis and one atresia had IABD and collapsed extraabdominal bowel from b 30 weeks. Conclusion: Early delivery is associated with prolonged ENT/LOS, suggesting elective delivery at b37 weeks is not beneficial. Combined IABD/EABD or IABD/collapsed extra-abdominal bowel is suggestive of complex gastroschisis.
Gut dysfunction is a major morbidity in infants born with gastroschisis resulting in prolonged time to reach full enteral feeds (24 days in simple gastroschisis and 47 days in complex in a recent national UK study) [1] . There have been no advances in the treatment of gut dysfunction since the advent of parenteral nutrition. Optimizing antenatal management of gastroschisis may improve neonatal outcomes. There has been much debate as to whether early delivery of gastroschisis would improve gut function and if antenatal intraabdominal or extra-abdominal bowel dilatation could predict patients that would benefit from early delivery. However, studies to date have included small numbers and no clear consensus has been reached for either issue. Our aim is to evaluate the clinical significance of both these issues.
Background
Nearly half of all infants with gastroschisis have type 2 intestinal failure (N 28 days of parenteral nutrition) [1] . It has been hypothesized that gestational age (GA) at delivery and intra-abdominal bowel dilatation (IABD) could play a significant role in the development of pathological post-natal bowel function [2, 3] . Changes in the composition of the amniotic fluid in the third trimester may lead to inflammation of the exposed bowel and gut dysfunction [4, 5] . Currently, many centers electively deliver women whose fetus has gastroschisis at 37 to 38 weeks gestation due to concerns about unexpected fetal death in later gestation [6] [7] [8] [9] . It is unclear whether delivery at less than 37 weeks and as early as 34 weeks gestation would reduce the bowel inflammation that is secondary to amniotic fluid exposure and thence improve gut function after birth. A number of studies present conflicting evidence both for [2, [10] [11] [12] [13] and against [14] [15] [16] delivery at less than 37 weeks gestation. The majority of these studies have small numbers of patients. Table 1 Presence of intra-abdominal bowel dilatation (IABD), extra-abdominal bowel dilatation (EABD) and both IABD/EABD (combined) at different stages during pregnancy by gastroschisis complexity group. Positive predictive value and negative predictive value are for complex gastroschisis.
All intra-abdominal bowel dilatation (IABD)
Complexity group (n = total in group) IABD at last scan Number (% of complexity group) IABD at ≥30 weeks to ≤34 GA Number (% of complexity group) IABD at b30 weeks GA Number (% of complexity group) A further concern is that some fetuses may have a tight or closing abdominal wall defect causing compression of the bowel resulting in atresia or ischemic/necrotic bowel. Several studies have found an association between antenatally detected IABD with complicated gastroschisis [3, [17] [18] [19] . Others hypothesize that the presence of dilatation in simple gastroschisis (continuous, uncompromised bowel) could also represent poorly functioning bowel resulting in prolonged time to full enteral feeds (ENT) and length of stay (LOS) [20] . However, extra-abdominal bowel dilatation (EABD) is considered by some as a normal phenomenon in gastroschisis [3, 21] and thought not to be predictive of outcomes [22, 23] . Some clinicians therefore advocate early delivery based on IABD in order to prevent development of bowel necrosis secondary to closing gastroschisis. However, most studies on bowel dilatation are limited due to small numbers and there is a paucity of data evaluating the predictive value of combined IABD and EABD.
The aim of this study was to investigate whether elective preterm delivery at b 37 weeks is associated with improved neonatal outcome of gastroschisis pregnancies and if bowel dilatation is a reliable predictor of poor outcome indicating the need for early delivery.
Methods
With institutional approval we performed a retrospective study of all live-born gastroschisis neonates treated both antenatally and neonatally at two tertiary referral centers (University College London Hospital/Great Ormond Street and King's College Hospital) between 1992 and 2012. This extensive original series includes data from 38 infants who were included in a previous study on the impact of GA on outcomes [16] and 47 infants included in a bowel dilatation paper [18] . Women whose fetus is affected by gastroschisis are referred from district general hospitals to these tertiary centers where pregnancies are usually monitored at 4 weekly intervals up until 30 weeks of gestation and 2 weekly thereafter. More frequent monitoring is usually instigated for findings suggestive of fetal compromise including IABD, growth restriction or abnormal amniotic fluid volume. Women are electively delivered vaginally at the tertiary center by induction of labor at 37-38 weeks gestation unless obstetric reasons necessitate caesarean section. Earlier delivery is performed if there is suspicion of fetal compromise (severe fetal growth restriction, abnormal umbilical artery Doppler or sudden onset of polyhydramnios), maternal concerns or as a result of spontaneous labor. Throughout pregnancy the bowel is routinely evaluated and the presence or absence of IABD/EABD documented throughout the study period, although the dimensions of the bowel dilatation was not always assessed.
Fetal gastroschisis cases were identified through interrogation of the computerized fetal database (Viewpoint). All obstetric notes, antenatal ultrasound reports and neonatal notes were reviewed. Linked fetal and neonatal data were collected. Women and neonates treated at neonatal centers other than the study centers were excluded from the study. For all antenatal ultrasounds, data were collected on gestational age at time of ultrasound, presence or absence of IABD/EABD and size (mm) of IABD/EABD (if documented).
Antenatal data on concomitant fetal abnormalities, labor onset, mode of delivery, indication for premature delivery (if applicable), gestational age at delivery (GA), and birth weight were also collected. Our postnatal primary outcome measures were ENT and LOS. Additional neonatal data included appearance of bowel at birth, bowel complications (atresia, necrosis, perforation, stenosis, volvulus and necrotizing enterocolitis) and death.
Data median [range] were analyzed using Mann-Whitney tests (for non-normally distributed data) or t-tests (for normally distributed data) as appropriate, positive and negative predictive values and Fisher's exact test were used for proportion data, linear regression and multiple regression analysis for log-transformed ENT and LOS.
Results
Two hundred forty-six patients were included (n = 143 and n = 103 from each center) of which 32 were complex (24 atresias, 6 necrosis, 1 stenosis and 1 perforation). Twenty-three otherwise simple cases had either dusky bowel or required widening of a tight defect at birth. One hundred thirty-five patients were delivered at b 37 weeks GA for the following reasons; 56 spontaneous deliveries/ premature rupture of membranes, 11 elective normal planned induction of labor at 36 + 6, 20 IABD (11 simple, 8 atresia and 1 necrosis), 28 suspicion of fetal compromise (13 healthy at birth, 3 compromised at birth and 12 unknown, based on APGAR scores and cord blood pH), 20 unknown. One hundred eleven patients were delivered at ≥37 weeks GA for the following reasons; 26 spontaneous deliveries, 80 planned induction of labor, 5 suspicion of fetal compromise (2 healthy at birth, 3 unknown, based on APGAR scores and cord blood pH). Overall there were 8 deaths; sepsis in 1 atresia patient, unknown cause in 1 atresia patient, 1 volvulus at birth (with no antenatal IABD), 1 volvulus following primary closure at day 10 of life, 1 respiratory failure, 2 unexpected infant deaths following discharge and 1 unknown cause in a patient with Pierre Robin sequence. LOS ( Fig. 1A , P b 0.0001) and ENT (Fig. 1B p b 0.0001) were significantly increased at lower birth GA. Analysis showed that an infant delivered at 34 weeks instead of 37 weeks resulted in an increased time to ENT by 10.8 days (p = b0.0001) and LOS by 13.4 days (p = b 0.0001). These results were unchanged if the three infants delivered early for suspected fetal compromise who had documented low APGAR scores or cord blood pHs were removed from the analysis. To remove the effect of extreme prematurity, we repeated the analysis with all patients born ≥34 weeks (n = 224) and the relationship remained significant for both ENT (p = 0.047) and LOS (p = 0.0004). In addition, the relationship remained significant following multiple regression analysis taking into account the source Later GA at delivery has been hypothesized to be associated with bowel inflammation. Bowel appearance at birth was documented in 209 (85%) patients. Bowel inflammation/peel was reported in 61 (29%) patients. There was no significant difference in GA between infants with inflammation/peel (GA 36. Antenatal IABD (including stomach dilatation) was detected at any time during pregnancy in 110 patients, resolving in 18 after 1 [1] [2] [3] ultrasound scans. In the remaining 92 patients IABD persisted until the last scan of whom 68 (74%) were simple and 24 (26%) complex (positive predictive value [PPV] for complex gastroschisis 26%, Table 1 ). Of these 92 patients, IABD was present at b 30 weeks in both simple and complex gastroschisis (Table 1) . IABD was never present in 130 simple cases, and in 6 complex cases (3 atresia, 2 necrosis and 1 perforation, negative predictive value [NPV] for complex gastroschisis 96%, Table 1 ).
EABD was detected at anytime in 65 patients, which resolved in 7 after 1 [1] [2] [3] scans and was present at the last scan in 58 patients (46 simple, 9 atresia, 2 necrosis, 1 stenosis, Table 1 ). PPV of EABD for complex gastroschisis was low at N30 weeks GA but higher (64%) at b30 weeks GA (Table 1) . EABD was never present in 19 (59%) of complex gastroschisis (NPV 90%).
Both IABD and EABD (combined BD) were present in 22 cases (14 simple, 7 atresia, 1 necrosis) and when present at b30 weeks GA the PPV for complex gastroschisis was high at 75% (Table 1) . Furthermore, 3 patients had IABD with collapsed extra-abdominal bowel loops from b30 weeks all were complex (1 atresia, 2 necrosis).
In simple gastroschisis, the presence of dusky bowel or the need for widening of a tight defect at birth was considered a marker of impending closing gastroschisis. Within this cohort there were 23 patients that fulfilled these criteria of whom 5 (22%) had persistent IABD (combined with EABD from N 30 weeks GA in 2 cases), 5 (22%) had resolved IABD, 4 had persistent EABD and 8 (36%) never had IABD or EABD.
IABD diameter was documented in 55 patients. There was a tendency towards greater dilatation in complex (20 mm) vs. simple gastroschisis patients (19 [7.2-36 .0], p = 0.064), but there was only a difference of 1 mm in median diameter (Fig. 2 ). An IABD diameter ≥ 18 mm was present in 64% of simple and 69% of complex gastroschisis cases with measured dilatation (PPV 25% for complex patients, Table 2 ). Overall, there was no correlation between degree of dilatation and ENT (p = 0.33) but there was a weakly significant association between bowel dilatation and LOS (p = 0.049). This was not present when LOS for simple (p = 0.26) and complex (p = 0.42) gastroschisis were analyzed separately. Within the simple gastroschisis group, there was no significant difference between those patients with IABD and without IABD in ENT (24.5 EABD diameter was documented in 51 patients with no significant difference between complex (22 [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] mm) and simple gastroschisis (21 , p = 0.91, Fig. 2) . A diameter ≥18 mm was present in 72% of simple and 82% of complex cases with measured EABD (PPV for complex gastroschisis 24%, Table 2 ). There was no correlation between degree of EABD and ENT (p = 0.50) or LOS (p =0.47). Patients with combined IABD/EABD had longer ENT days, p = 0.14) and LOS (37 vs. 32 days, p = 0.17) but neither reached significance. Twenty patients were delivered early due to persistent/static dimension of IABD (5 simple, 3 atresia, 1 necrosis), sudden onset of large IABD in the 3rd trimester (6 simple, 1 atresia), increasing IABD throughout pregnancy (3 atresia) raising concerns of closing gastroschisis. Of these patients, one had necrosis and 8 atresia (Table 3) ; one atresia patient died aged 5 months. There was no difference in the proportion of patients with necrosis in the early delivery and nonearly delivery groups (Table 3) . Of the patients delivered early who had simple gastroschisis, only one was reported to have dusky bowel. Overall, 59 patients had persistent/static IABD (45 simple, 11 atresia, 3 necrosis), 27 sudden (21 simple, 5 atresia, 1 necrosis) and 6 increasing (2 simple, 4 atresia).
Discussion
Our large cohort shows a highly significant association with early delivery and prolonged ENT and LOS. This was independent of confounding factors such as source hospital, complexity of gastroschisis and antenatal steroid use. Low birth weight only had a weak relationship with neonatal outcomes. In addition, bowel inflammation or peel at birth was not associated with later GA or to be predictive of ENT/LOS. Furthermore, our series included 110 patients who had IABD and 65 who had EABD at any time point during pregnancy. Analysis of IABD and EABD individually yielded mixed results. Many complex patients had IABD but the PPV was low. In contrast the NPV is high at 96% but this also equates to 19% of complex patients in this cohort without IABD. Generally the PPV of EABD was low except when present at b30 weeks GA. However, when IABD and EABD are considered together our data revealed a 75% PPV for complex gastroschisis if both were present from b30 weeks GA. Additionally, 2 necrosis, 1 atresia and no simple gastroschisis had IABD with collapsed extra-abdominal bowel from b30 weeks GA onwards. Finally, patients with signs of impending closing gastroschisis at birth infrequently presented with antenatal bowel dilatation.
There has been much unresolved debate as to the benefit of elective early delivery (b37 weeks) for all gastroschisis patients. Previous studies have included retrospective studies [10, 15, 16] , prospective studies [2, 13] and one randomized controlled trial [14] . The two prospective studies delivered patients at 34-35 weeks gestation and compared outcomes with retrospective controls. These included 32 [2] and 23 [13] patients with both showing a reduction in ENT and LOS within the early delivery group; however all early delivery patients were treated with antenatal corticosteroids to improve lung maturation. Animal studies have shown antenatal steroids reduce bowel inflammation in gastroschisis [24, 25] and a human study showed improved gut function in otherwise normal premature neonates who received antenatal steroids [26] . Thus, these apparent benefits of early delivery could actually be due to a therapeutic or maturational effect of corticosteroids on the bowel. The only randomized control trial [14] included 42 cases in which patients were randomly allocated to either delivery prior to 36 weeks or continuation of pregnancy to full term. Although the study showed no benefit from early delivery, there was little difference in GA at birth between the early delivery group (35.8 weeks) and controls (36.7 weeks). A previous retrospective study from one of our study centers [16] included 110 patients and showed that although there was no advantage to early delivery in terms of ENT, low birth weight was a predictor of delayed ENT.
Our data suggest that preterm delivery is detrimental to neonatal gut function resulting in prolonged dysfunction. Hence, bowel dysfunction in gastroschisis is more multifactorial than simple duration of bowel exposure to amniotic fluid or overt evidence of bowel inflammation. These data suggest that the positive effect of fetal bowel maturation in the latter stages of pregnancy has a stronger influence on bowel motility and neonatal outcomes than the negative effects of prolonged amniotic fluid exposure. This may be due to the continued maturation of the interstitial cells of Cajal (the pacemaker of the gut) through the later stages of the third trimester [27] .
It has been hypothesized that antenatal bowel dilatation and in particular IABD is prognostically useful for detection of impending necrosis, atresia or other patients who would have poorer outcome, thus selecting a group of patients who would benefit from early delivery and salvage of bowel before further deterioration [17] . One study [3] investigated IABD alone and found an association with prolonged ENT and LOS. These results are not supported by our data or a systematic review of isolated gastroschisis, which shows that independently of each other IABD or EABD are not associated with increased adverse neonatal outcomes [28] . A previous study from one of our study centers found that the absence of bowel dilation excludes atresia [18] . This to a certain extent is true given the high NPV (96%) of IABD for complex gastroschisis, however, it is important to note that in the series presented here 6 (19%) complex patients never had IABD and 24 (75%) never had EABD therefore the absence of bowel dilatation cannot fully exclude complex patients. Finally, a study from Vanderbilt concluded that second trimester IABD predicts atresia and potentially may form the basis for early delivery to prevent ongoing damage [19] . To a certain extent our data disagrees with this finding given the PPV of IABD b 30 weeks GA for complex gastroschisis was only 38%. However, what appears to be more predictive of complex gastroschisis is the presence of both IABD and EABD at b 30 weeks GA giving in this series a PPV of 75%.
In terms of identifying cases of closing gastroschisis it appears basing a clinical decision solely on the presence or progression of IABD is inaccurate for detecting necrosis or impending closing gastroschisis. These data suggest a combined approach taking into account both IABD and EABD seems more appropriate. Previous case reports have noted necrotic bowel to be associated with shrinkage of extra-abdominal bowel and intra-abdominal bowel dilatation [29, 30] . Our cohort has revealed three similar cases whereby IABD was associated with collapsed extra-abdominal bowel from b 30 weeks GA persisting through until the last ultrasound scan in two cases of necrosis and one of atresia. In addition, one of the 11 cases with both IABD and EABD also had necrosis, the remaining 10 included 4 simple and 6 atresia patients.
These data were from two tertiary referral centers with a relatively high number of gastroschisis patients. The data therefore includes variation in terms of antenatal and neonatal management improving the generalisability of the study to other centers. Multiple regression analysis showed this variation did not affect the primary outcomes measures of ENT or LOS. Reasons for early delivery did include signs of reduced fetal movements, poor cardiotocography and fetal distress, which may have impacted on neonatal outcomes. However, only three of the infants delivered at b 37 weeks had documented evidence of fetal compromise (low APGAR scores, abnormal cord blood pH). In addition, LOS could be affected by socio-economic factors surrounding young maternal age and both the definition of ENT and bowel dilatation were non-protocolized. IABD and EABD were classified based on whether they were documented in the fetal medicine notes, and so is open to interobserver variability. Although we were unable to apply a threshold level for determination of bowel dilatation given only 55 of the 110 patients with IABD and 51 of 65 patients with EABD had bowel diameter measurements, there was no difference in diameter between those infants born with simple and those born with complex gastroschisis. However, a previous study associated a threshold bowel diameter of N18 mm with significantly longer time to ENT and greater need for bowel resection [20] . However, our results do not support that those patients with IABD N18 mm have worse neonatal outcomes. Finally, this is a retrospective series with the inherent restrictions associated with this study type.
We have investigated two frequently debated topics in the antenatal management of gastroschisis. These data have shown that early delivery is associated with prolonged ENT and LOS. As a result, it would seem inadvisable to deliver before 37 weeks as a strategy to improve gut function and enteral tolerance as indeed an opposite relationship may exist. Assessment of IABD and EABD independently of each other leads to inaccurate prediction of those patients who would benefit early delivery given the lack of effect of presence of IABD on ENT and LOS, the lack of difference of degree of dilation between simple and complex gastroschisis patients, and the failure to reliably detect patients with necrosis or ischemia based solely on one parameter. However, the presence of both IABD/EABD or IABD and collapsed extra-abdominal bowel at b30 weeks GA proved to be a more accurate predictor of poor outcome in this cohort. Although, these antenatal findings may indicate that the bowel damage has already occurred it may be prudent in the presence of such findings to consider early delivery with the aim to salvage necrotic bowel.
Discussant: Dr. Kenneth Gow; Seattle, Wa: Are you able to tell the folks who is delivering these babies, and how do you organize this to make this a reality?
Response: Dr. Carnaghan: We currently deliver electively. We aim for 37 to 38 weeks. Some deliver spontaneously early, and others we delivered at 36 plus 6 weeks probably based on the fact it was a Friday rather than a Saturday at 37 weeks. We don't believe that delivering early would actually be beneficial to these patients. Obviously some were delivered early because the obstetricians had concerns that the patient may be compromised, but actually when they were born, most of them were absolutely fine, so I think just aiming for 37 weeks would be a good approach.
Discussant: Dr. Tippy Mackenzie, Md; San Francisco, CA Congratulations on a beautiful study. Did you have any patients with vanishing gastroschisis, as that would be one small subset who might be anticipated to improve outcomes with early delivery?
Response: Dr. Carnaghan: Vanishing gastroschisis cases were included within the necrosis patients, and we had possibly one that was vanishing, but that was included within our six necrosis patients. Of those, three were detected by combined dilatation, but the other three, two had dilatation at the last scan, and no other time, and the other one didn't have any dilatation at all.
